Urine samples from 19 nursing home patients with long-term urinary catheters were cultured every 3 months for 18 months. Providencia stuartii, present in 74% of the elderly and in 59% of urine specimens, was the most frequently isolated bacteria. The persistence of P. stuartii was significantly higher among females than among males. In order to study the epidemiology of bacteriuria in this nursing home, bacteria were characterized by biochemical tests, antibiotic susceptibility patterns, and restriction fragment length polymorphism (RFLP) analysis. The antibiotic susceptibility pattern indicated that each patient had two to three different strains of P. stuartii during the 18 months of follow-up. In contrast, the RFLP analysis revealed that a specific strain had persisted in the urinary tract of the patient during the entire follow-up period. According to the biochemical profile, 74% of the patients had the same bacteria in urine cultures, pointing to a common source of transmission. RFLP analysis, however, demonstrated different patterns of RFLP, suggesting concomitant multiple sources of infection. Catheter-associated bacteriuria is usually of polymicrobial etiology (2, 33). The most common isolates are Proteus mirabilis, Escherichia coli, Enterococcus faecalis, and Pseudomonas aeruginosa (2, 31). Providencia stuartii is an unusual pathogen in acute and community-acquired bacteriuria. However, this pathogen has been isolated from 0 to 61% of urine samples collected from patients with urinary catheters in nursing homes (1, 2, 8, 31, 33 (12, 26) . We performed a long-term prospective microbiological study of bacteriuria in patients with chronic indwelling catheters. The prevalence, the incidence, and the dynamics of bacteriuria were studied. The molecular typing of species (RFLP) causing bacteriuria was performed to understand the epidemiology of bacteriuria in nursing home patients.
Bacteriuria associated with long-term urinary catheterization is the most common nosocomial infection in the United States (30) . It is also the most commonly acquired infection in nursing homes (8) . Most cases of bacteriuria in nursing home patients are associated with indwelling urethral catheters, and virtually all long-term urethral catheters are associated with bacteriuria. Between 35 and 50% of nursing home patients are incontinent (21) , and long-term indwelling urethral catheters are frequently used in managing these patients. Complications of bacteriuria associated with long-term catheterization may be severe and include fever, obstructed catheters, acute pyelonephritis, bacteremia, periurethral purulent infections, vesiculoureteral reflux, chronic tubulointerstitial nephritis, chronic renal failure, and death (32) . Most studies of infections associated with bladder catheterization have been conducted in acute-care hospitals, and their results are probably not applicable to nursing home patients, who are a growing part of the population in industrial countries.
Catheter-associated bacteriuria is usually of polymicrobial etiology (2, 33) . The most common isolates are Proteus mirabilis, Escherichia coli, Enterococcus faecalis, and Pseudomonas aeruginosa (2, 31) . Providencia stuartii is an unusual pathogen in acute and community-acquired bacteriuria. However, this pathogen has been isolated from 0 to 61% of urine samples collected from patients with urinary catheters in nursing homes (1, 2, 8, 31, 33) . Change in the etiological agent of bacteriuria over time is the rule (2) . Evaluation of the dynamics of bacteriuria is dependent on the precise identification of all isolated bacterial strains. Techniques based on antibiotic susceptibility (20), biochemical characteristics (6), and antigenic characterization (29) rely on phenotypic characteristics that may not be stably expressed or may not be refined enough to differentiate between strains. Methods relying on the study of genotypes may be more accurate in discriminating between strains of the same species. Hybridization of E. coli rRNA to digests of bacterial chromosomal DNA identifies in the family Enterobacteriaceae several fragments containing rRNA coding sequences; the length distribution of such fragments varies within species, providing a useful restriction fragment length polymorphism (RFLP) for strain differentiation (26) . RFLP of bacterial chromosomal DNA has recently been employed as a tool in the molecular epidemiology of various infections (12, 26) . We performed a long-term prospective microbiological study of bacteriuria in patients with chronic indwelling catheters. The prevalence, the incidence, and the dynamics of bacteriuria were studied. The molecular typing of species (RFLP) causing bacteriuria was performed to understand the epidemiology of bacteriuria in nursing home patients.
MATERIALS AND METHODS
Characteristics of the studied population and urine sampling. Patients residing at a chronic-care facility in Jerusalem, Israel, were eligible for participation in the study if they had an indwelling or condom catheter in place for more than 1 month. All patients were bedridden and were unable to care for themselves. Latex catheters were changed monthly and bags were changed weekly. A periurethral wash was done once a day with soap. Each patient was to be sampled every 3 months for an 18-month period. All patients were monitored prospectively by the same physician. Antibiotics were not administered during the study period, except to one patient who was treated for a documented pulmonary infection 1 month before the first urine specimen was obtained. The urine specimens were obtained by a trained nurse or physician by needle aspiration of the distal catheter after disinfection with chlorhexidine. In patients with condom catheters, the device was removed, the penis was washed carefully, and a clean-voided specimen was obtained. Urine specimens were immediately transported to the laboratory at the Hadassah Medical Center.
Bacterial characterization. The urine was plated by a loop quantification method (10) on blood-based agar and on MacConkey agar, and plates were incubated aerobically only. Colonies with distinct morphology were isolated from samples containing at least 100,000 CFU per ml of urine and were identified by using the API-20E system (Ayerst Laboratories, Plainview, N.Y.). Antibiotic susceptibility was determined by a disk diffusion test (20) . Whole chromosomal DNA was purified from bacterial cells as described by Marmur (13 The persistence of bacteria in the urinary tract was analyzed by using a mixed-model analysis of variance, as described in Materials and Methods. Rsquare for the model was 0.61, meaning that 61% of the variation in the model was explained. None of the effects in the model were significant: the P value for bacterial effect was 0.50, the P value for the effect of sex was 0.12, and the P value for the effect of person (sex) was 0.22.
A significant difference in the persistence pattern of bacteriuria with P. stuartii was found among males and females: bacteriuria persisted in 88.25% of the females but in only 50.5% of the males. We used a weighted analysis of variance in order to examine the difference in the persistence of P. stuartii between males and females. (three patients each), cefuroxime, ampicillin, and cotrimoxazole (two patients each), and cephalothin (one patient). On the other hand, the RFLP pattern of the successive isolates from the same patient did not change over time (Fig. 1) , although two different RFLP patterns were noted overall in the strains isolated in the institution. EcoRI provided the highest degree of polymorphism with a unique 4.8-kb restriction fragment on the left pattern only (Fig. 1) . Hybridization of the membrane with the tufB probe revealed two bands constantly, while the rRNA probe revealed eight to nine bands. The Wilcoxon signed rank test was used to determine differences between number of patterns in antibiotic susceptibility and RFLP methods. The results were highly significant (P = 0.004).
DISCUSSION
Thirty-nine percent of the patients residing in a chronic-care facility who participated in this study had a urinary or a condom catheter. The high frequency of background neurological problems emphasizes the severity of the general conditions of these patients.
A single isolate was found in 43.6% of the urine specimens, whereas polymicrobial bacteriuria was found in 55.1%, a number slightly smaller than that reported in other studies (77 to 86%) (2, 33) . The mean number of pathogens isolated was 1.8 ± 0.9, comparable to the numbers reported (2.4 to 2.6 species per patient) in other studies (2, 33) . However, in contrast to the observation of Bergqvist et al. (1), in our study the number of pathogens was significantly higher in males than in females (2.1 ± 0.8 and 1.6 ± 0.9, respectively). This difference may be related to the type of catheters used (condom catheters in this study).
P. stuartii bacteriuria is clinically significant, as it has been complicated by bacteremia and death (15, 16, 19) . Although bacteriuria due to P. stuartii in patients in acute-care hospitals (4) is relatively rare (0.3 to 1%), it is frequently present in the catheterized urinary tract and also in patients with intermittent and condom catheters (7, 11, 15) . In this study, P. stuartii was found in 59% of the urinary specimens. The bacterial species causing catheter-associated bacteriuria varies from institution to institution. Proteus mirabilis, E. coli, and P. stuartii were each found in about 40% of urine specimens from patients with indwelling urinary catheters, enterococci were found in 20%, and Pseudomonas aeruginosa was found in 28% (1, 8, 31, 33) . The high frequency of isolation of P. stuartii from urine of patients with chronic indwelling catheters is probably due to the tendency of this organism to persist in the catheterized urinary tract once having gained access. Warren et al. found that the duration of bacteriuria episodes caused by P. stuartii was significantly longer than that of episodes caused by all other species, except E. coli (33) . In the present study, a mixed-model analysis of variance did not find a difference in the persistence of different bacteria, but the most prevalent organisms (P. stuartii, E. coli, K pneumoniae, and A. anitratus) appeared in consecutive cultures, and only 6.4 to 15% were single episodes. In contrast, 50% of the episodes with Pseudomonas aeruginosa and 23% of the episodes with Proteus mirabilis were identified only in a single urinary culture. The median duration of episodes due to P. stuartii was 6.4 months. A significant difference in the persistence pattern of bacteriuria with P. stuartii was found among males and females, an interesting finding that may be due to the presence of different receptors to the bacteria in the urinary tracts of males and females or to differences in the adhesive properties of indwelling and condom catheters. The MR/K hemagglutinin (mannose-resistant, klebsiella-like fimbriae) of P. stuartii probably plays an important role in the ability of the bacteria to persist and to adhere to the urinary catheter (18) .
Strains of P. stuartii are commonly resistant to many drugs (9, 14, 27, 28) . The finding in the present study that 32.6% of the strains were resistant to ciprofloxacin, which has not been reported previously, is probably due to the frequent use of this antibiotic in nursing homes.
Interpretation of the epidemiology of bacteriuria in catheterized patients is limited by the dynamics of the bacteriuria. In order to define precisely the pathogens causing the bacteriuria, a system that identifies differences among strains should be used. The possible techniques to identify isolates of P. stuartii are biochemical profiles (6) , serotyping (15, 23) , and antibiotic susceptibility patterns (9) . These methods, however, rely on phenotypic characteristics that may not be stably expressed. Polyacrylamide gel electrophoresis of proteins was also suggested for bacterial typing (5) . RFLP analysis of bacterial chromosomal DNA does not present the above-mentioned disadvantages, and "ribotyping" especially has been employed to investigate the epidemiology of various infectious diseases (12, 26) . Owen and colleagues (22) , using a similar DNA probe, found 11 different EcoRI patterns among 26 clinical isolates of P. stuartii from different hospitals in the United Kingdom. Bands in the 5-to 6-kb, 13-to 14-kb, and 19-to 20-kb regions were common features of most of the P. stuartii fingerprints, with a band of 6 kb present in almost all of them (22) . The P. stuartii isolates in this study did not have the 19-to 20-kb band, but they had a distinctive band at 3 to 4 kb. The differences in patterns indicate that the P. stuartii strains isolated in Israel were different from the one isolated in the United Kingdom.
In the present study, antibiotic susceptibility patterns suggested that each patient had two to three different strains of P. stuartii during the 18 months of follow-up. In contrast, RFLP analysis revealed that a specific strain persisted in the urinary tract or in the urinary catheter of the patient involved during the entire follow-up period.
According to the biochemical profile, 14 of 19 (74%) patients residing in the same nursing home had the same bacteria in urine cultures, pointing to a common source of transmission, most probably the personnel treating the patients. RFLP analysis, however, demonstrated two different patterns of RFLP among the patients, indicating that the high prevalence of P. stuartii among catheterized patients in the nursing home was probably due to the adherence properties of VOL. 32, 1994 on October 19, 2017 by guest http://jcm.asm.org/ Downloaded from the bacteria and not to the transmission of the bacteria among patients by the attending staff.
In conclusion, our findings indicate that RFLP analysis of P. stuartii strains appears to be a powerful epidemiologic tool in the investigation of outbreaks due to this bacterium: the RFLP reveals that the same strain had persisted in the urinary tract of the same patient during the entire follow-up period, in spite of changes in the antibiotic susceptibility patterns. Furthermore, the different RFLP patterns among residents of the nursing home allowed us to conclude that multiple sources of infection were responsible for the high frequency of this bacterium in the urinary tract.
